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INTRODUCTION
/

(

Low-fat dairy spread has been defined as a product which cont a ins

only dairy ingredients and has a lower fat content than the commonly
used spreads, butter and margarine (5).

Although some low-fat spreads
'

have contained very little fat, most of those which have been developed during the past 30 years have contained about one-third to
two-thirds as much fat as the commonly used spreads and have had a
higher protein content.

·The low-fat dairy spread studied in this

project contained about ten times more protein and only one-half
as much fat as butter and margarine.
The present day justification of research for the development of
a low-fat dairy spread is largely based on two well-known facts.

The

first is that the current dietary trend is favoring food products
which are high in protein and low in fat.

This is caused mainly by a

general emphasis on the undesirability of excess body weight and the
need for lower caloric intake.

Animal fats also have been indicted

as promoting high cholesterol levels in the blood.

The second fact is

· that the dairy industry needs new ·products that will compete with the
substitute products which are being used in place of butter)

For

example, in 1950 the per capita consumption of butter in the United
States was 4.13 kg.

By 1960 it had decreased to 3.09 kg and in 1968

it was only 2.23 k g (22).

This loss in butter sales not only has had

a marked economic impact on the industry, but also has begun to affect
the pricing structure for dairy products.
petitive

Products that would be com-

and regain milk fat sales would be an aid to the industry.

2

(~e

purpose of the research presented in this paper was to study

the effect of major flavor components and their concentrations on the
flavor preference for the low-fat dairy spread developed by Seas and
Spurgeon (32).

It was thought that this information would aid in

determining the most acceptable flavor formulation for the low-fat
dairy spread, wi~h the goal being to enhance its consumer acceptability.

A second purpose was to determine the stability of the ind i vid-

ual flavor components during storage for a period that might well be

involved with commercial handling of the product.

J
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REVIEW OF LITERATURE
Developmen t of Low-Fat Dairy Spreads
/

· Numerous attempts have been made to prepare spreads that would
be adequate substitutes for butter; however, none of these have been
satisfactorily accepted so as to remain continuously on the market or
to obtain a large sales volume (42).

According to Whittier and Webb

(42), substantial quantities of milk fat were used in some spreads
prior to World War II.

Grelch (11) developed a semi-solid sour spread

by coagulating the protein of whole milk, skim milk, or buttermilk by
using

a lactic

starter for acid production.

The coagulated mix was

heated to boiling an~ then concentrated to various percent solids
under vacuum.

The resulting gel could be flavored in various ways

such as by the addition of cured cheese.

A product suitable for use

as a spread, sandwich filling, or salad dressing when mixed with
cheese, fats, or condiments was developed by Parsons (26).

This

product was prepared by heating and agitating highly concentrated skim
or whole milk until the mixture became brown and attained a "roast
· beef" odor.

Emulsifying salts were used to make a smooth mixture

which could be blended with other foods.
During World War II, fat shortages created an interest in the
development of low-fat dairy products as a means of extending the
existing fat supply.
dairy spreads.

This led to the further development of low-fat

Weckel (39) conducted one of the first concentrated

efforts to d e v elop such a spread.

At that time the composition of a

low-fat spread was restricted to 28% fat b y the War Food Ord er .

4

Commercial dairies in Madison, Wisconsin,began distributing the spread
he had developed, ·but it sold so well that authorities ruled that it
was taking too much of the milk fat supply and as a result Weckel's
product was removed from the market.
Following World War II, Weckel (41) resumed his work and developed spreads co~taining 40 to 50% milk fat.

The formulations made use

of:
1.

Fat and solids-not-fat derived from any dairy product source
such as butter, cream, powdered cream, condensed skim milk,
or low heat skim milk powder.

2.

Cultured buttermilk.

3.

Lactic acid, diacetyl (starter distillate), and salt.

Weckel (40) reported t~at inclusion of cultured buttermilk provided a desirable flavor and texture in the spread.

The addition of

lactic acid induced coalescence of fat upon homogenization and the
development of a set or gel structure upon cooling.
Tobias and· Tracy developed a product that contained 40% fat and
8% solids-not-fat (36).

Results of a consumer acceptance study indi-

cated that the reception was quite favorable.

Nearly all of those

involved in the study said that the spread was liked because of its
convenience of use for baking and candymaking, and for uses such as .
in sandwich fillings and dips.

Most of the consumers, however, did

not like the spread in cooking because of its failure to melt as
butter does.

Replies on 60% of the questionnaires indicated that it

might be desirable to market the spread with added flavors such as

5

honey, maple, raspberry, or pineapple.

From this, Tobias and Tracy

(36) concluded that there was a demand for a spread-type product that
has good spreadability characteristics when stored at refrigerated
temperatures.

They also concluded that there was a demand for a

low-fat dairy spread that has a variety of uses and is priced competitively with margarine
.
..
In 1968, Seas and Spurgeon (32) developed a low-fat spread that
contained approximately 40% milk fat, 44% moisture, 16% nonfat milk
solids, 1.25% salt, 0.1% preservatives, and 0.2% stabilizers. · A synthetic flavoring material, DCF-85B, and a starter distillate, CH-11,
were used to flavor the spread.

They recommended the ratio of 18 ml

DCF-85B and 70 ml CH~ll be added to 45.4 kg of product.

However, s~me

consumers indicated that the flavor was too intense and possibly too
artificial.
In 1969, Loewenstein and Graham (19) measured consumer response
to a low-fat spread-type product.

Three batches of low-fat spread

were prepared with the only variable being the sources of fat, which
were hydrogenated coconut oil, anhydrous butterfat, and fresh plastic
cream.

Trained judges indicated that the flavor, color, body and

texture, stability or shelf life, and spreadability were as identical
as possible.

The results showed -that 94% of the group sampled would

purchase a low~fat spread.

A total of 67.8% of those who would pur-

chase a low-fat spread indicated that they preferred the spread made
with fresh plastic cream over the spreads made from anhydrous
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butterfat and hydrogenated coconut oil.

The price that the pr ns pec-

tive customers expressed as acceptable was $0.30 to $0.50 per pound
·· for the preferred product.
Flavor Constituents
Low-fat dairy spreads of the type considered in this work have a
butter or cultured. butter type flavor.

The total flavor of cultured

butter results from the combination of compounds contributed from
sweet-cream or non-cultured butter and the metabolic products produced
by starter _bacteria used in .making the cultured butter (8).
Tamsma et al. (34) stated that milk fat contributes positively to
the flavor of milk bu~ the nature of the contribution is not clear.
Kinsella, Patton, and Dimick (12) asserted that a number of volatile
flavor compounds, such as methyl sulfide, acetaldehyde, fatty acids,
methyl ketones, and lactones are present in fresh milk fat; but many
are present in levels below their flavor thresholds.
Lindsay and Day (1:5) extracted and identified 48 volatile flavor
components from a butter culture by means of a specially designed
low-temperature, reduced-pressure steam distillation apparatus in
conjunction with gas-liquid chromatography.

The compounds they iden-

tified were characterized as aldehydes, methyl and ethyl esters of
the normal aliphatic acids, and sulfur compounds.

Most of the com-

pounds in the butter culture have been observed previously in the
volatile flavor fractions isolated from dairy products.
Lindsay, Day, and Sather (18) formulated synthetic butter culture
flavor concentrates based on the analyses of high quality butter
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cultures.

The concentrate formulations were made from the flavor

compounds diacetyl, acetaldehyde, dimethyl sulfide, acetic acid, and
lactic acid.

Products that were flavored with the concentrates were

found by a student preference panel to be very similar to products
flavored by natural butter cultures.
Van Niel, Kluyver, and Derx (37) found from 2 to 4 parts per
million {ppm) diacetyl in fine butter.

When these concentrations of

diacetyl were added to butter neutral in odor, a characteristic butter
culture aroma was evident.

They conclude~ that diacetyl is either

responsible for the aroma of butter or is the _principal component of
the aroma material.

Schmalfuss and Barthmeyer (30) found diacetyl to

be present in various products including butter.

They found that

margarine to which diacetyl had been added possessed an aroma of
butter.

Other investigators (2, 4, 29) have used diacetyl as a

flavoring agent in cultured products.

The general findings of these

studies indicated that diacetyl produced a definite butter culture
.f_lavor but at the same time gave an undesirable harsh flavor.

Lindsay,

Day, and Sather (18) reported that levels of diacetyl from 0.5 to 1.0
ppm gave mild . intensities, from 1.25 to 2.0 ppm gave intermediate
intensities, and from 2.25 to 3.0 ppm of diacetyl gave pronounced
intensities of culture flavor.
Lindsay, Day, and Sandine (17) reported that acetaldehyde has
been shown to be responsible for the "green" or yogurt-like flavor
defect in lactic starter cultures.

They found that cultures contain-

ing diacetyl-to-acetaldehyde ratios of 13:1 to 5.5:1 had harsh flavors
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or were lacking the full balanced flavor.

Desirable culture flavors

exhibited diacetyl-to-acetaldehyde ratios of 4.4:1 to 3.2:1.
ratio dropp ed below 3.2:1 a "green'" flavor was apparent.

When the

From this

they concluded that small amounts of acetaldehyde are necessary to
give a full culture flavor.
Patton, Fqrss, and Day (27) isolated dimethyl sulfide from milk
and identified it by gas chromatography.

The concentration of di-

methyl sulfide was too low for any chemical test, but the extreme odor
potency of the authentic material suggested the value of making flavor
threshold determinations on the compound.

They found that methyl sul-

fide exhibited a threshold concentration of approximately 12 parts per
bi~lion (ppb) in distilled water.

A milk-like flavor was produced fit

concentrations slightly above the threshold.

A flavor described as

malty or cowy was imparted at concentrations distinctly above the
threshold.

They concluded that concentrations of dimethyl sulfide

slightly above the flavor threshold contributed tb the total milk
flavor.

Day, Lindsay, and Forss (7) reported that dimethyl sulfide

was an important component of butter and culture flavors and could
smooth out the undesirable,. harsh flavor from diacetyl.
Lactic acid is the main metabolic end product of the homofermentative lactic streptococci.

Lactic acid does not contribute to aroma

because it is nonvolatile and odorless in its pure state.

The acid

taste of naturally soured products is largely attributed to the
presence of lactic acid(l4).

Acetic acid comprises the major portion
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of the volatile acid fraction of cultured· products and contributes
to the mildly acid aroma (14).
Quantitative De termin a tion of the Ma jor Flavor Constituents
Michaelian, Farmer, and Hammer (21) described a gravimetric procedure for the determination of acetylmethylcarbinol plus diacetyl in
butter cultures ·:

The procedure was lengthy and required at least one

day for completion.

Testani and Ciusa (35) were the first to develop

a colorimetric method for diacetyl determinations.

In 1938, Prill and

Hammer (28) developed a colorimetric procedure involving steam distillation capable of measuring diacetyl at concentrations of 2 ppm.
Owades and Jakovac (24) introduced a modified version of the Prill
and Hammer method.

They immersed the sample in a 65 C water bath

and bubbled nitrogen gas rather than steam through the sample.

Pack

et al. (25) modified the Owades and Jakovac method of diacetyl determinations by using a nitrogen gas manifold which enabled multiple
analyses to be run s~multaneously.
I

Titratable acidity, a measure of the total acids calculated as
lactic acid, is satisfactory for many manufacturing procedures but it
is not a determination of the types of acids contributing to total
acidity.

In 1950, Marvel and Rands (20) separated 39 different low

molecular weight organic acids on a column of silicic acid using water
and chloroform as the eluents.

Frazeur (10) modified the Marvel and

Rands method by building a column in layers.
sisted of silicic acid.

The first layer con-

The second layer consisted of (3:2 w/v)

silicic acid and sulfuric acid.

The third layer contained silicic
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acid, sulfuric acid, and the sample.
coll~cted and titr ~ted.

Ten ·milliliter fractions were

Wiseman a~d Irvin (43) reported the use of

Celite columns with an internal indicator.

This enabled the acids

to come off as colored bands and permitted collection of each acid
as a single fractio·n .

Their recoveries ranged from 97 .5% to 102%.

Due to a lack of sensitive chemical_ and instrumental methods for
quantitative analysis, Day, Lindsay, and Forss (7) employed taste
panel evaluations to determine the approximate levels of dimethyl . sulfide.

Subsequently, Morgan and Day (23) developed a technique- referred

to as "on.- column trapping, -gas chromatography" for the quantitative
determinations of dimethyl sulfide.
Schulz and Rings~ (31) described a qualitative procedure for the
detection of acetaldehyde in yogurt cultures.

Lindsay and Day (16)

adapted the Pack et al. procedure (25) for diacetyl to the measurement
of acetaldehyde.

The adaption of this method for use with the same

collection system employed for diacetyl measurements allowed simultaneous analysis of culture samples for both flavor components.
Recently, Waldradt and Lindsay (38) developed a procedure using
Porapak columns for internal standard gas chromatographic analysis of
synthetic culture flavor concentrates.

They were able to determine

the concentration of water, acetaldehyde, dimethyl sulfide, acetic
acid, and diacetyl to within

t 10% accuracy.

)
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EXPERIMENTAL PROCEDURE
Sample Preparation
Eight lots of low~fat dairy spread were prepared according to the
formulation of Seas and Spurgeon (32), except for variations in the
type _and/or amount of flavoring added.

\

The objective was to determine

the most desirable level at which the major . flavoring ingredients
should be used.

In order to eliminate ingredient and processing vari-

ables, sufficient material for the whole experiment was prepared in one
113.5 kg batch.

All ingredients except the flavoring agents were mixed

and pasteurized at 74 C for 30 minutes.

Following pasteurization, the

113.5 kg batch was divided into eight 13.62 kg lots.

Various levels

of flavoring materials were added to the respective lots prior to
homogenization (Table 1). )
The flavoring materials consisted of a commercial synthetic butter
flavor, DCF-8SB 1 ; a starter distillat~, CH-11 2 ; and blends of diacetyl 3 ,
acetic acid 4 , and lactic acid 4 prepared in the laboratory.

Based on

information available, it was calculated that 0.5 ml DCF-85B added to
1 kg of product would contribute 0:2 ppm acetaldehyde, 80 ppb dimethyl
sulfide, 2 ppm diacetyl, 30 ppm acetic acid and 250 ppm lactic acid.
Since CH-11 was a starter distillate, it contained all compounds produced by culture organisms, including primarily lactic and acetic acids.
1Dairyland Food Laboratories j Inc., Progress Avenue, Waukesha,
Wisconsin.
2chumlea's Laboratories, Lebanon, Indiana.
3 Fisher Reagent Chemical, Fisher Scientific Company, Fairlawn,
New Jersey.
4Baker Analyzed Reagent, J. T. Baker Chemical Company, Phillipsburg
New Jersey.
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C he first four experimental lots involved variations in the amount
of the ratio of DCF-85B and CH-11 recommended by Seas and Spurgeon (32).
Lot no. 1 served as a control in that no flavoring agents were added.
Lot no. 2 contained one-half the recommended level while lot no. 3
contained the recommended level.

Lot no. 4 was increased to one and

one-half the recommended level in order to have a sample which exceeded
the flavor intensity normally present in the spread.

The purpose of

lots no. 5 and 6 was to determine the desirable or undesirable flavor
characteristics that are contributed by each flavoring agent alone.
Lot no. 5 contained the recommended level of only CH-11.
mended level of DCF-85B was added to lot no.

6. )

The recom-

Various individuals had commented that they thought the levels of
dimethyl sulfide and/or acetaldehyde used in the spread were too high.
In order to determine the validity of their comments, lot no. 7 was
formulated to contain one-half the level of dimethyl sulfide and
acetaldehyde as supposedly contributed by DCF-85B.

,

This was accom-

plished by adding one~half the normal amount of DCF-85B and an equal
volume of blend no. 1 prepared in the laboratory containing diacetyl,
acetic acid and lactic acid.

The blend approximated the levels at

which these materials were carried in commercial DCF-85B.
The flavoring added to lot n_o . 8 was formulated to determine what
effect higher levels of acetic and lactic acids would have on flavor
and pH.

This was accomplished by adding the normal amount of DCF-85B

along with 12 ml of blend no. 2 containing lactic and acetic acid.
ratio of the acids was

the same as they were carried in DCF-85B.

The
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Table 1.

Flavoring agents added to 13.62 .kg lots of dairy spread.

Flavoring
added

1

2

3

4

Lot no.

5

6

7

8

---------------{ml of fl avoring added)--------------2.7
5.4
8.1
5.4
2.7
5.4

DCF-85B

-·

CH-11

10.5

21.0

31.5

21.0

Blend no. 1

2.7

Blend no. 2

12.0

After addition of the flavoring materials, the eight 13.62 kg lots·
were homogenized in a Manton-Gaul.in homogenizer at 176 kg/cm 2 t ·otal
pressu;e with 105 kg/cm 2 on the second stage.

A representative sample

of approximately 8 kg from the middle of each lot was collected in
18.92 liter dispenser cans, then packaged in 227 g containers, and
stored at 4.4 C.
Sensory Evaluation
(.~ Scoring preference testing was developed to d?termine the degree
of like or dislike fo r a food.

The scoring scale that has been the

most popular in the last 10 .years _is the nine-point hedonic scale which
was developed at the Quartermaster Food and Container Institute of the
United States (13).

Those samples most preferred were given the

smal l er numerical values, those most disliked were given the larger
scores.

This scale was used by a taste panel consisting of thirteen

members of the Experimental Food class in the Nutrition and Food
Science Department of the College of Home Economics at South Dakota
State University.

25016 8
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Taste panel analyses were condu.cted at 15-17 day inte.rvals for 90
days.

Four of the eight lots were selected at random and tasted in

duplicate on Mondays and the remaining four lots were tasted in duplicate on Wednesdays.

The four samples were coded and tasted at the

beginning of a three-hour la~oratory period.

The codes were c~anged
\

and the same fou~.samples were tasted again at the end of the period.
Salted crackers and water were available to . the .panelists between
each sample.
' The evaluations were analysed by the least squares analyses of
variance.

Dunnett's ·procedure (33) was used to determine which lots

-w ere significantly different than lot no. 1, the control .
• A secondary taste panel made up of members of the Dairy Science,~
and Bacteriology Departments ranked the eight lots according to preference at the beginning and end of the study.
a larger sampling population,

The purpose was to obtain

and to see if their responses corrobo-

rated those of the primary taste panel )
Diacetyl Determination
(

The Pack et al. procedure (25) was selected for the quantitative

determination of diacetyl. } The apparatus as shown in Figure 1 was not
as complex as the Prill and Hammer system and could be cleaned easier
and faster between runs.

The distillate was collected in one callee-

tion tube and not in three separate fractions as in the Prill and
Hammer method.
quired.

This meant that only one absorbance reading was re-

Since only one collection flask was needed, the Pack system

could run to completion without the need of constant surveilance.
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Figure 1.

Apparatus for diacetyl distillation.
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Several modifications were made in the procedure to insure accuracy and reproducibility.

Reichert-Meissl-Polenske connecting tubes

were used in place of U-tubes to connect the container for the sample
being analysed to the bydroxylamine traps.

This prevented the diluted

spread sample from being entrained in the nitrogen flow and deposited
in the hydroxylaraine tr_a ps.
doubled for two reasons.

The reagents used in the analyses were

An increase from 1 ml to 2 ml of hydroxyl-

amine solution in the traps provided a margin of safety to insure a
more complete reaction with the diacetyl to form the dimethylglyoxime
complex.

A sample size of 15 gin conjunction ~ith the increased

· amounts of all the reagents allowed the colorimetric readings to be
made at the most sensitive range on the Bausch and Lomb Spectronic 20
Spectrophotometer.
liquid samples.

The Pack et al. procedure (25) was designed for

This made it necessary to dilute the sample with

distilled water (1:2 w/v) to form a product with the consistency
similar to 40% cream.

The standard curve was prepared using dimethyl-

glyoxime as described by Prill and Hanmer (28).
Acetic and Lactic Acid Determinat{ons
·(

The procedure of Wiseman and Irvin (43) for the determination of

organic acids in silage was used to obtain the levels of acetic and
lactic acid present in the low-fat dairy spread. \ The apparatus used
in the determinations is shown in Figure 2.

)

Except for the modifications indicated, the samples were prepared
in accordance with the Association of Official Agricultural Chemists
{AOAC) procedure (3) for the extraction of organic acids from fish.

Figure 2.

Apparatus for acetic and lactic acid f ract ionation.
1--'

"'
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The sample preparation consisted of weighing 50 g of dairy spread into
a wide mouth Erlenmeyer flask.

In the first trials, 150 ml of dis-

tilled water were added to the samples and agitated for one minute.
The dilution effect of 150 ml of distilled water was too great and the
acid bands could not be observed as they were eluted from the columns.
Analyses then were made using 100, 75, and 50 ml of water.

The results

of all analyses were the same; however, when more than 50 ml of distilled water were used, a standard column had to be relied on entirely
for guidance as to when the bands were within the collection range.
The bands were visible when the samples were prepared with 50 ml of
distilled water, so this. amount was used during the actual test period.
After agitation of the sample and water, 25 ml of 1.0 N sulfuric acid
was added and the sample mixed again.

The proteins present in the

sample were to be precipitated by the addition of 40 ml of 20% phosphotungstic acid.

Since the AOAC procedure was for analysis of fish

which contain approximately 18% protein, and whereas the dairy spread
contained 4.5% protein, 15 ml of 20% phosphotungstic acid was found
to be sufficient.

The sample was then agitated for one minute and

filtered through Whatman no. 1 filter pcper and the volume of filtrate
recorded.

Two milliliter aliquots of filtrate from lots no. 3, 4, 7,

and 8 were placed on the chromatographic columns.
to 3 ml for lots no. 1, 2, 5, and 6.

This was increased

The reason for increasing the

amount used was that the acid concentrations of these lots were lower,
which made it almost impossible to observe the bands as they reached
the bottom of the column if the smaller aliquots were used.

The
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amount of cap material was increased by one-half for the samples with
3 ml rather than 2 ml, as recommended by Wiseman and Irvin (43).
The first two bands that were eluted from the columns were caused
by the phosphotungstic ·acid and sulfuric acid used for the sample
preparations.

When the 15% (v/v) acetone in petroleum ether devel-

oping solvent (B~ 15 ) was used to remove acetic acid, which was the
third band, the resolution between the second and third band was very
poor.

The difficulties in resolution were overcome by the addition

of 100 ml of 1% acetone developing agent (BA 1 ) prior to the ad.d ition
of BA 15 . · This moved the first two bands about one-half the length
_of the column, while the -acetic acid band remained stationary.

When

mos~ of the BA1 solution had been forced through the column under 0.14
kg/cm 2 nitrogen pressure, approximately 200 ml of BA
were added.
15
Collection of acetic acid, started when its band was approximately
1. 25 cm from the hoe-tom of the column.
visible, collection ceased.

When the band was no longer

Approximately 400 ml of BA
were added
30

to elute the lactic acid band, which was collected in the same manner
as the acetic acid.

Each fraction was titrated with 0.005 N sodium

hydroxide.
Acetaldehyde and Dimethyl Sulfide Determinations
I

A procedure for extracting acetaldehyde and dimethyl sulfide from

the spread was developed for this study, tailored after a procedure
described by Forss, Jacobsen, and Ramshaw (9), referred to as
"concentration under reflux."

The extracts were analysed on a Varian

Aerograph Series 1520 gas-liquid chromatograph with a Porapak column
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patterned after the one developed by Walradt and Lindsay (38).

The

extracts did not contain a sufficient quantity of the compounds to
register a response on the recorder, which made it impossible to
obtain any results.
Quality Control Studies
/__.
1 The low-fat .dairy spread was checked for total plate counts, yeast
and mold, coliform, thermophiles, and psychrophiles with American
Public Health Service Standard Method procedures (1).

Since all eight

lots were processed together as one large batch, it appeared that the
microbiological quality should be much the same initially; so the
-counts were determined only for lot no. 1 on the fresh product and
after 30 days of storage.
the 90-day storage period.

All eight lots were tested at the end of
The Kjeldahl procedure was used to deter-

mine total nitrogen initiafly and after the respective storage periods.
Fat and total solids determinations were made by the Mojonnier procedure as modified by Dalaly (6) for the analysis of this spread. ;
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RESULTS AND DISCUSSlON
Sensory Evaluations
Sampl es of the eight lots of dairy spread were evaluated by the
13-member taste panel consisting of Nutrition and Food Science
students.

Two replicate evaluations were made within each of the six

15-day sampling periods.

Table 2 shows the average total scores of

each lot for the six sampling periods.

The order of preference was

determin ed for each sampling period by ranking the total scores.

The

sample with the smallest score was the most preferred.
Lot's no. 1, 3, 5, and 7 were the most preferred when the product
was tasted for the first time about one week after it was made.
Table 2.

Lots

Pr imary taste panel evaluations of the eight lots of dairy
spread.a,b,c
5

6

Sample
means

69.0

51.5

60.5

60.75

70.0

74.0

66.0

66.0

68.41

81.0

77.5

72 .5

66.0

76.5

72.25

73.0

74.0

76.0

70.5

69.5

61.5

70.75

5

59.5

52.5

67.0

59.0

59.5

60.0

59.58

6

61.0

61.0

77.0

66.0

57.0

59.5

63.58

7

59.5

57.0

75.5

61.0

55.0

64.5

62.08

8

65.0

68.0

68.0

77

.o

64.5

64.0

67.75

Lot no.

Six 15-day Eeriods
3
4

1

2

1

52 .0

62.5

69.0

2

63.5

71.0

3

60.0

4

aTotals of 13 observations made on the nine-point hedonic scale.
bAverage of replicate evaluations.
cThe lot with the smallest score was the most preferred.
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no. 1, 5, and 7 were again among those adjudged to be the most desirabl~ products duri~g the second, f6urth, and fifth periods, when the
order was 1, 5, 6, and 7.

The top .f our lots for the third period

were 1, 2, 5, and 8; w~ile at the end of the storage period 1, 4, 5,
and 6 were most preferred.

The over a 11 preference rating de t .ermined

by ranking the sample means was 5, 1, 7, 6, 8, 2, 4, and 3.

\
I

Summations o.f the 13 observations for each of the spread lots at
each replication were made and analysed statistically by the least
squares analysis of variance.

As shown in Table 3, there were signif-

icant dif_ferences in scoring between periods (P ( 0 .01) and between
samples (P ( 0 .05).

The panelists commented that on several of the

tasting sessions the physical characteristics of the samples were

.

objectionable because they were exuding whey.

This was attributed to

the time lapse which occasionally occurred between the preparation of
the samples for tasting and the actual evaluations.
Table 3.

When the physical

Analysis of variance on primary taste panel data.

Source

DF

ss

-Total

95

7384.00

77. 73

Sample

7

1913. 29

273.33

5 .64·k

Period

5

1512.33

302.47

6 .24*'k

Sample x Period

35

1631.33

46.61

Error

48

2327. 05

48.48

= Degrees of freedom
ss = Sum of squares
MS = Mean squares
DF

MS

F = F test
* = P (0.05
** = P ( 0 .01

F
1.61

0.96
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/

characte ristics of the samples were . not desirable, the panelists ·had
a tendency to score all the samples on the lower acceptability range
·· of the hedonic scale.

This may have contributed in part to the

significant difference~ between periods.
Dunnett's procedure (3~) was used to determine which spread lots
were scored significantly different than lot no. 1, the control.
Dunnett's formula for determining the significant difference was:
d' = t(Dunnett)Sd
where_ twas obtained by interpolation from the
t table for one-sided comparisons at
the 0.05 level.
S0 was found by calculating the square root
of 2 times the error mean square divided
by the number of observations per mean.
For the data from these trials, the error degree of freedom was 48
and the number of means, excluding the control, was 7.
conditions the t value was 2.41.
2.84.

_The

Sa

For these

value was calculated to be

When these two values were multiplied, d' was found to be 6.85.

The d' value, 6.85, was added to the mean for the control, 60.75.
The resulting value, 67.60, was compared with the means of the
remaining seven lots.

Those means which were larger than 67.60 were

significantly different than the control.

By Dunnett's criterion,

lots no. 2, 3, 4, and 8 were significantly different than the control.
This meant that lo't:s no. 1, 5, 6, and 7 were significantly preferred.
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~he secondary tast e panel compo~ed ·of individuals from the Dairy
Science and Bacteriology Departments ranked the eight lots according
to preference when the spread was freshly made and at the end of the
90-day storage ~eriod.

The sample mean scores for the fresh, stored,

and combined data are presented in Table 4.
Table 4.

Secondary taste panel evaluations of the eight lots of
dairy spread.a

Lot no.

Fresh 5

Sam2le mean score
90-dayC

Combined

1

3.50

3.48

3.49

2

4 .14

5.00

4. 71

3

4.29

5.07

4.81

4

6.36

5.22

5.61

5

6.00

3.85

4.20

6

4.36

4.29

4.32

7

3 .07

4.40

3.95

8

4 .14

4.00

4.73

aMean scores determined -by preference ranking.
bnetermined by fourteen panelists.
cnetermined by twenty-seven pane lists.
Fourteen panelists ranked the fresh spread samples 7, 1, 2, 3,
6, 5, 8, and 4.

Twenty-seven individuals tasted the spread samples

at the end of the 90-day storage period and the order of preference
was 1, 5, 8, 6, 7, 2, 3, and 4.

When the scores for the two periods

were combined and the sample mean scores determined, the over all
. pre ference rating was 1, 7, 5, 6, 2, 8, 3, and 4.

The four most
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preferred lots selected by this taste panel were the same as those
selected ·by the primary taste panel.

These results reinforced the

seleGtions made by the primary taste panel.
The data in Tables 6, 8, and 9 indicated that the four most
preferred lots contained lower levels of diacetyl, acetic acid, and
lactic acid tha~ ~he remaining lots with the exception of lot no. 2.
Lot no. 2 contained less diacetyl than lots no. 6 and 7, less acetic
acid than lots no. 5 and 7, and less lactic acid than lot no. 5.

The

total flavor of a sample, however, results from the contribution of
all the flavoring components.

Although lot no. 2 contained lower

·concentrations of individual flavoring components, when compared to
the preferred samples, the combined effect of the flavoring agents
resulted in a flavor more intense than that present in the preferred
samples.
The effect that major individual flavoring components had on
flavor preference could not be ascertained.

This was due to the var-

iability in the concentration of at least two flavoring components
in a given lot when compared to any other lot.

The recommended levels

of DCF-85B and CH-11 as used in lot no. 3 were too high.

Lot no. 2

contained one-half the recommended level and the flavor was still too
intense to be one of the top four in preference.

Apparently the

recommended level of DCF-85B and CH-11 when used separately was

quite

acceptable as demonstrated by the reception given lots no. 5 and 6,
respectively.
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Diacetyl Determinations
The. efficiency of recovery of diacetyl by the Pack et al. procedure (25) was determined.

Recoveries of added diacetyl were made

from 15 g samples of diacetyl-free spread and 45 ml of distilled
water.

One liter of a standard solution containing 1 g of diacetyl

.

was prepared in volumetric
glassware.
.
.

Desired concentrations of

diacetyl were obtained from this solution by further dilution in
volumetric flasks.

Concentrations of 0.015, 0.03, and 0.045 mg of

. diacetyl were added to 15 g samples of spread that had been steamed
for 45 minutes and flushed . with nitrogen for 45 minutes at 65 C.

The

desired amounts of diacetyl were added to the samples, mixed and then
distilled according to Pack et al. procedure.

The same concentrations

of diacetyl were added to distilled water and also distilled according
to the Pack et al. procedure.

Control readings were made by adding

the desired concentrations of diacetyl directly to the calibrated
receiving tubes containing 2.0 ml of buffered hydroxylamine solutio~.
The color reaction was developed immediately without the prior distillation.
5.

The results of the recovery determinations are shown in Table

The percent recovery of diacetyl from the spread was lower than

from the distilled water.

This may have been caused by adding the

diacetyl to the spread when the spread was at 65 C resulting in some
loss of this highly volatile substance.
The results of the diacetyl determinations made on the spread
samples after 0, 30, 60, and 90 days of storage are presented in
Table 6.

The results indicated that the levels of diacetyl in the
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Tabl e S.

Recove ries of diacetyl from water and dairy spread syst ems.a
mg of diacetyl added
o·.030
0.045
1
2
1
2
2
1
--·----:-----(mg of diacetyl recovered}-----------

·· Sys t ei:n

0.015

%
Re covery

Water

0.014

0.014

0.029

0.029

0.044

0.043

95-98

Dairy spread

0.014

. 0 .014

0.028

0.027

0.042

0.041

91-95

Control a

0.015

0.015

0 .031

0.029

0.045

0.044

100

· aControl readings were obtained by adding color reagents
directl y to 2 ml of buffered hydroxylamine solution containing
different amounts of diacetyl.

Table 6.
Lot no.

Effect of storage on diacetyl content of the dairy spread.a0

Days of storage
"60
30

90 '

Mean

Standard
Error of Mean

-------------(ppm diacetyl)-------------1

0.09

0.13

0.08

0.09

0.10

f0.03

2

1.54

1.49

1.52

1.45

1.50

±0.09

3

3.39

3.45

3.39

3.41

3.42

f0.02

4

4.83

4.41

4.46

4.45

4.47

:i-0.20

·5

0.44

0.45

0.47

0.41

0.44

±o.01

6

2.69

2.31

2.32

2.28

2.40

:t0.01

7

1.97

1.88

1.85

1.81

1.87

±o.09

8

2 .98

2.96

3.01

2.96

2.97

±o.01

aAverage of triplicate determinations.
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spread were stable and did not change during the 90-day storage at
4.4 C.

This was expected since Prill and Hammer (28) reported that

diacetyl is relatively stable in products such as butter which are
slightly acidic.

The results of pH readings of the eight lots made

after 0, 30, and 90 days of storage ranged from ~.8 to 6.4 with an
average of 6.2.

These readings indicated that the spread was

slightly acidic thus favoring diacetyl stability.
Lots no. 1 and 5 contained diacetyl at concentrations less than
that which Lindsay, Day, and Sather (18) classified as mild intensities •. According to their criteria (Seep. 7) lot no. 7 was within
the range for intermediate intensities and lot no. 6 could be termed
as possessing pronounced intensities of diacetyl flavor.

Although t9e

level in lot no. 6 was higher than in the other three preferred lots,
it was still below the normal amount used in lot no. 3 and was at the
level considered to be desirable in fine butter.
Acetic and Lactic Acid Determinations
The levels at which acetic and lactic acid were present in the
low-fat dairy spread were determined by the Wiseman and Irvin procedure (43).

Percent recovery . determinations were made on 2 ml aliquots

as described by Wiseman and Irvin.

The recovery values shown in

Table 7 were slightly below, but closely approached, the values of
99.7% for acetic and 97.5% for lactic acid reported by Wiseman and
Irvin.
The acetic acid values determined after 0, 30, 60, and 90 days of
storage are presented in Table 8.

The levels of acetic acid in the
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Table 7.

Recovery of acids from 2 ml of composite test solution.

Column no.

---(microequivalent weights of acid added)--Acetica
Lacticb
52.4 ·
48.5
-(microequivalent weights of acid recovered)-

1

52.5

45.8

2

51.4

46.4

3

52.0

47.3

4

52.1 -

45.7

5

50.8

46.2

Av. microequivalent
weights recovered

51.78

46.28

Av. recovery

98.8%

95.4%

aA microequivalent weight of acetic acid= 0.00006005 g.
bA microequivalent weight of lactic acid= 0.00009008 g.
eight lots of dairy spread remained constant during the storage
period.

The levels of acetic acid varied somewhat between lots; this

largely reflected kind and/or level of flavor added.

Lots no. 1, 5,

and 6 contained a lower level of acetic acid than the normal amount
· used in lot no. 3; however, the value found was within the confidence
limits determined for lot no. 3.

The correlation between the taste

panel results and the acetic acid values indicated that future flavor
levels of acetic acid used in the spread should be somewhat lower
than is now used commercially.

By calculation, lot no. 6 which

contained only DCF-85B should have contained 23.70 ppm acetic acid .
The mean value that was determined for lot no. 6 was 24.62.

Therefore

the calculated value was within ·the confidence limits for this lot.
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Table 8.
Lot no.

Effect of storage on the acetic ·acid content of the dairy
spread.a

0

Days of storage

30

90

60 ·

Mean

Standard
Error of Mean

----------~-(ppm acetic acid)-------------

0

t 0

1

0

0

0

0

2

140.27

145.47

147.52

144.42

144.42 :t- 6.88

3

292 .53 .

279.70

283.06

280.99

284 .07 t 9 .59

4

434.28

433.46

437.51

436.92

435.54 :t-18.65

5

270.90

272.06

274.23

274.44

272.90 t12.91

6

25.37

23.23

24. 77

25.10

24.62 t 0.62

7

298.57

299.01

291.46

293.28

295.58 t 2.32

8

645.73

-642.71

649 .11

649.75

646 .82 t 3 .04

aAverages of replicate determinations.
The results of the lactic acid determinations reported in Table 9
indicated that the concentration of lactic acid was not affected by
storage.

The lactic acid concentrations for the four preferred lots

were less than the level normally used.

This indicated that the

amount of lactic acid used in the dairy spread should also be reduced
for future flavor formulations.

The calculated value for lactic acid

present in lot no. 6 was 198 ppm.

However, the results showed that

the concentration of lactic acid ·was less than 160 ppm.
will combine with salts and protein to form lactates.

Lactic acid
The lactates

are quite stable and perhaps the lactic acid was not completely
extracted from the spread samples .

This would have resulted in

analytical values which were lower than the actual concentrations.

Table 9.
Lot no.

Effect of storage on the lactic acid content of the dairy spread.a
0

Days of storage
30
60

90

Mean

Standard
Error of Mean

--------------(ppm lactic acid)-----------------~--------1

11.04

11.04

10.92

12.66

11.51

t

0.31

2

733.27

734.91

729.36

734. 73

7 33. 06

r

6 . 74

3

1466.71

1447.96

1452 .13

1453.97

1455 .19

j-66. 05

4

2189.30

2161.85

2177 .81

2184.55

217 8 • 3 7

±-21. 0 7

5

1319.20

1318 .95

1321.96

1318 .64

1319.68

+4.49

6

156.07

155.17

157.01

159.52

156 .94

:i-

7

549.86

547.72

502.72

552.00

538.07

±14.30

8

1106 .26

1125 .66

1118.63

1125 .80

1119 .08

:!-15 .22

1.90

aAverages of replicate determinations.

w
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Quality Control Studies
The results of the microbiological studies are shown in Table 10.
The standard plate count remained constant through the first 30 days.
However, there was a slight decrease by the end of the 90-day storage
period.

Coliform and thermophiles were less than 10 during the entire

storage period. ··The yeast and mold counts (Actually, no yeasts were
seen; the counts were mold numbers.) as well as the psychrophilic
count increased substantially by 90 days.

This indicated that these

organisms might cause a deleterious effect on the flavor, especially
if the spread were held for a longer storage period.
The total nitrogen values in the spread ranged from 0.68 to
0.74%.

There was no appreciable change during storage.

Results of·

the fat and total solids determinations were 41.75 and 55.16%,
Table 10.

Microbiological quality tests reported as counts per gram.

Test

oa

Days of storage
30a

90h

Standard Plate Count

2000

2000

1250

Yeast and Mold

( 10

(10

29

Coliform

(10

( 10

( 10

<10
<10

<10
<10

Thermophiles
Psychrophiles

aAll tests run only on lot no. 1.
hAll tests run on all eight lots.
reported.

The average values are

( 10
1475
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respectively.

These values indicate that. the dairy spread samples

had ·a ·milk fat content close to the values reported by Seas and
Spurgeon.

The non-fat milk solids content was somewhat lower, but

met the 10% minimum specified by the legal South Dakota definition for
this product.
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SUMMARY AND CONCLUSIONS
Eight lots of low-fat dairy spread were prepared with the only
\

.

variable being the type and level of flavoring materials added.
Results of analyses indicated that these lots had a fat and total
solids content approximating those given by Seas and Spurgeon . (32).
Kjeldahl tests for nitrogen showed no appreciable change in
total nitrogen during storage .

Coliform and thermophilic counts were

less than 10 cells per gram during the entire storage period._ Despite
the fact_ that an antimycotic agent was added to the spread, there was
an increase from less than 10 to 29 molds per gram during the storage
period.

The psychrophilic counts were less than 10 during the first

30 days, but by the end of the 90 days the count had increased to
1475 organisms per gram.

Although the counts were relatively low,

metabolism of the increasing numbers could have produced a deleterious
effect on the flavor if the samples had been stored for a longer
period of time.
Quantitative determinations of the major flavor components
were made on the fresh and stored lots at 30-day intervals for the
90-day storage period.

By determining the concentrations of the major

flavor components in the fresh and stored product, and comparing the
results for each of the 30-day intervals, it was possible to ascertain
the stability of the flavoring components during storage.
showed that the levels of diacetyl remained constant.

The results

Apparently the

stability was enhanced by the slightly acidic conditions present in
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the spread.

The concentration of acetic and lactic acids did not

change during the storage period.

However, the lactic acid values

were less than that which they were· calculated to be.

The results may

have been lower than expected because lactic acid has the ability to
combine with salts and protein to form lactates which are quite
stable, so possiply the test did not measure all the lactic acid
added.
The quantitative analyses of acetaldehyde, dimethyl sulfide,
diacetyl, and acetic acid by gas-liquid chromatography were not
successful.

Apparently the flavor components present in the spread

extracts were not concentrated sufficiently to register a response on
the recorder under the conditions used.
Sensory evaluations were conducted on the lots of spread when
fresh and at 15-day intervals during a 90-day storage period.

The

objective of the sensory evaluation testing was to determine whether
it was desirable to change the flavor formulation used in the com·mercial preparation of the low-fat dairy spread developed by Seas and
Spurgeon (32).

The study specifically involved the extent to which

flavor preference was affected by levels of the major flavor constituents.

The results of the taste panel study showed that the

level of flavoring normally used as in lot no. 3 was too high, as this
lot was rated the least desirable .

The panelists preferred the spread

samples with the lower flavor levels.

All eight lots varied in the

concentration of at least two flavoring components, as compared to any
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other lot.

This made it impossible to draw any reliable conclusions

as to the extent to which flavor preference was affected by the level
of any one flavor component.
A secondary taste panel evaluated the spread samples at the
beginning and end of the 90-day storage period.

They preferred the

same four lots as the primary taste panel. )
//)

,

l

{ ,1v1·~r,1,fwv- (

/r

The results · of this study showed that the consumer would likely

prefer lower levels of culture butter flavor ingredients than used by
Seas and Spurgeon.

However, many of the panelists indicated ·t hat the

sample~ adjudged to be the most preferred did not have a wholly
desirable flavor.

It was evident, therefore, that mor e studies

should be made using· other levels and ratios of butter-flavor ingre~
dients.

It may also prove advantageous to study the acceptability of

other types of flavoring agents including fruit and honey.

It is the

writer's recommendation that studies along this line be done before
a final decision is made as to what flavor formulations would be best
for the commercial production of the low-fat dairy spread. ')
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INTRODUCTION
/

(

Low-fat dairy spread has been defined as a product which cont a ins

only dairy ingredients and has a lower fat content than the commonly
used spreads, butter and margarine (5).

Although some low-fat spreads
'

have contained very little fat, most of those which have been developed during the past 30 years have contained about one-third to
two-thirds as much fat as the commonly used spreads and have had a
higher protein content.

·The low-fat dairy spread studied in this

project contained about ten times more protein and only one-half
as much fat as butter and margarine.
The present day justification of research for the development of
a low-fat dairy spread is largely based on two well-known facts.

The

first is that the current dietary trend is favoring food products
which are high in protein and low in fat.

This is caused mainly by a

general emphasis on the undesirability of excess body weight and the
need for lower caloric intake.

Animal fats also have been indicted

as promoting high cholesterol levels in the blood.

The second fact is

· that the dairy industry needs new ·products that will compete with the
substitute products which are being used in place of butter)

For

example, in 1950 the per capita consumption of butter in the United
States was 4.13 kg.

By 1960 it had decreased to 3.09 kg and in 1968

it was only 2.23 k g (22).

This loss in butter sales not only has had

a marked economic impact on the industry, but also has begun to affect
the pricing structure for dairy products.
petitive

Products that would be com-

and regain milk fat sales would be an aid to the industry.

2

(~e

purpose of the research presented in this paper was to study

the effect of major flavor components and their concentrations on the
flavor preference for the low-fat dairy spread developed by Seas and
Spurgeon (32).

It was thought that this information would aid in

determining the most acceptable flavor formulation for the low-fat
dairy spread, wi~h the goal being to enhance its consumer acceptability.

A second purpose was to determine the stability of the ind i vid-

ual flavor components during storage for a period that might well be

involved with commercial handling of the product.

J
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REVIEW OF LITERATURE
Developmen t of Low-Fat Dairy Spreads
/

· Numerous attempts have been made to prepare spreads that would
be adequate substitutes for butter; however, none of these have been
satisfactorily accepted so as to remain continuously on the market or
to obtain a large sales volume (42).

According to Whittier and Webb

(42), substantial quantities of milk fat were used in some spreads
prior to World War II.

Grelch (11) developed a semi-solid sour spread

by coagulating the protein of whole milk, skim milk, or buttermilk by
using

a lactic

starter for acid production.

The coagulated mix was

heated to boiling an~ then concentrated to various percent solids
under vacuum.

The resulting gel could be flavored in various ways

such as by the addition of cured cheese.

A product suitable for use

as a spread, sandwich filling, or salad dressing when mixed with
cheese, fats, or condiments was developed by Parsons (26).

This

product was prepared by heating and agitating highly concentrated skim
or whole milk until the mixture became brown and attained a "roast
· beef" odor.

Emulsifying salts were used to make a smooth mixture

which could be blended with other foods.
During World War II, fat shortages created an interest in the
development of low-fat dairy products as a means of extending the
existing fat supply.
dairy spreads.

This led to the further development of low-fat

Weckel (39) conducted one of the first concentrated

efforts to d e v elop such a spread.

At that time the composition of a

low-fat spread was restricted to 28% fat b y the War Food Ord er .
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Commercial dairies in Madison, Wisconsin,began distributing the spread
he had developed, ·but it sold so well that authorities ruled that it
was taking too much of the milk fat supply and as a result Weckel's
product was removed from the market.
Following World War II, Weckel (41) resumed his work and developed spreads co~taining 40 to 50% milk fat.

The formulations made use

of:
1.

Fat and solids-not-fat derived from any dairy product source
such as butter, cream, powdered cream, condensed skim milk,
or low heat skim milk powder.

2.

Cultured buttermilk.

3.

Lactic acid, diacetyl (starter distillate), and salt.

Weckel (40) reported t~at inclusion of cultured buttermilk provided a desirable flavor and texture in the spread.

The addition of

lactic acid induced coalescence of fat upon homogenization and the
development of a set or gel structure upon cooling.
Tobias and· Tracy developed a product that contained 40% fat and
8% solids-not-fat (36).

Results of a consumer acceptance study indi-

cated that the reception was quite favorable.

Nearly all of those

involved in the study said that the spread was liked because of its
convenience of use for baking and candymaking, and for uses such as .
in sandwich fillings and dips.

Most of the consumers, however, did

not like the spread in cooking because of its failure to melt as
butter does.

Replies on 60% of the questionnaires indicated that it

might be desirable to market the spread with added flavors such as
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honey, maple, raspberry, or pineapple.

From this, Tobias and Tracy

(36) concluded that there was a demand for a spread-type product that
has good spreadability characteristics when stored at refrigerated
temperatures.

They also concluded that there was a demand for a

low-fat dairy spread that has a variety of uses and is priced competitively with margarine
.
..
In 1968, Seas and Spurgeon (32) developed a low-fat spread that
contained approximately 40% milk fat, 44% moisture, 16% nonfat milk
solids, 1.25% salt, 0.1% preservatives, and 0.2% stabilizers. · A synthetic flavoring material, DCF-85B, and a starter distillate, CH-11,
were used to flavor the spread.

They recommended the ratio of 18 ml

DCF-85B and 70 ml CH~ll be added to 45.4 kg of product.

However, s~me

consumers indicated that the flavor was too intense and possibly too
artificial.
In 1969, Loewenstein and Graham (19) measured consumer response
to a low-fat spread-type product.

Three batches of low-fat spread

were prepared with the only variable being the sources of fat, which
were hydrogenated coconut oil, anhydrous butterfat, and fresh plastic
cream.

Trained judges indicated that the flavor, color, body and

texture, stability or shelf life, and spreadability were as identical
as possible.

The results showed -that 94% of the group sampled would

purchase a low~fat spread.

A total of 67.8% of those who would pur-

chase a low-fat spread indicated that they preferred the spread made
with fresh plastic cream over the spreads made from anhydrous
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butterfat and hydrogenated coconut oil.

The price that the pr ns pec-

tive customers expressed as acceptable was $0.30 to $0.50 per pound
·· for the preferred product.
Flavor Constituents
Low-fat dairy spreads of the type considered in this work have a
butter or cultured. butter type flavor.

The total flavor of cultured

butter results from the combination of compounds contributed from
sweet-cream or non-cultured butter and the metabolic products produced
by starter _bacteria used in .making the cultured butter (8).
Tamsma et al. (34) stated that milk fat contributes positively to
the flavor of milk bu~ the nature of the contribution is not clear.
Kinsella, Patton, and Dimick (12) asserted that a number of volatile
flavor compounds, such as methyl sulfide, acetaldehyde, fatty acids,
methyl ketones, and lactones are present in fresh milk fat; but many
are present in levels below their flavor thresholds.
Lindsay and Day (1:5) extracted and identified 48 volatile flavor
components from a butter culture by means of a specially designed
low-temperature, reduced-pressure steam distillation apparatus in
conjunction with gas-liquid chromatography.

The compounds they iden-

tified were characterized as aldehydes, methyl and ethyl esters of
the normal aliphatic acids, and sulfur compounds.

Most of the com-

pounds in the butter culture have been observed previously in the
volatile flavor fractions isolated from dairy products.
Lindsay, Day, and Sather (18) formulated synthetic butter culture
flavor concentrates based on the analyses of high quality butter
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cultures.

The concentrate formulations were made from the flavor

compounds diacetyl, acetaldehyde, dimethyl sulfide, acetic acid, and
lactic acid.

Products that were flavored with the concentrates were

found by a student preference panel to be very similar to products
flavored by natural butter cultures.
Van Niel, Kluyver, and Derx (37) found from 2 to 4 parts per
million {ppm) diacetyl in fine butter.

When these concentrations of

diacetyl were added to butter neutral in odor, a characteristic butter
culture aroma was evident.

They conclude~ that diacetyl is either

responsible for the aroma of butter or is the _principal component of
the aroma material.

Schmalfuss and Barthmeyer (30) found diacetyl to

be present in various products including butter.

They found that

margarine to which diacetyl had been added possessed an aroma of
butter.

Other investigators (2, 4, 29) have used diacetyl as a

flavoring agent in cultured products.

The general findings of these

studies indicated that diacetyl produced a definite butter culture
.f_lavor but at the same time gave an undesirable harsh flavor.

Lindsay,

Day, and Sather (18) reported that levels of diacetyl from 0.5 to 1.0
ppm gave mild . intensities, from 1.25 to 2.0 ppm gave intermediate
intensities, and from 2.25 to 3.0 ppm of diacetyl gave pronounced
intensities of culture flavor.
Lindsay, Day, and Sandine (17) reported that acetaldehyde has
been shown to be responsible for the "green" or yogurt-like flavor
defect in lactic starter cultures.

They found that cultures contain-

ing diacetyl-to-acetaldehyde ratios of 13:1 to 5.5:1 had harsh flavors
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or were lacking the full balanced flavor.

Desirable culture flavors

exhibited diacetyl-to-acetaldehyde ratios of 4.4:1 to 3.2:1.
ratio dropp ed below 3.2:1 a "green'" flavor was apparent.

When the

From this

they concluded that small amounts of acetaldehyde are necessary to
give a full culture flavor.
Patton, Fqrss, and Day (27) isolated dimethyl sulfide from milk
and identified it by gas chromatography.

The concentration of di-

methyl sulfide was too low for any chemical test, but the extreme odor
potency of the authentic material suggested the value of making flavor
threshold determinations on the compound.

They found that methyl sul-

fide exhibited a threshold concentration of approximately 12 parts per
bi~lion (ppb) in distilled water.

A milk-like flavor was produced fit

concentrations slightly above the threshold.

A flavor described as

malty or cowy was imparted at concentrations distinctly above the
threshold.

They concluded that concentrations of dimethyl sulfide

slightly above the flavor threshold contributed tb the total milk
flavor.

Day, Lindsay, and Forss (7) reported that dimethyl sulfide

was an important component of butter and culture flavors and could
smooth out the undesirable,. harsh flavor from diacetyl.
Lactic acid is the main metabolic end product of the homofermentative lactic streptococci.

Lactic acid does not contribute to aroma

because it is nonvolatile and odorless in its pure state.

The acid

taste of naturally soured products is largely attributed to the
presence of lactic acid(l4).

Acetic acid comprises the major portion
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of the volatile acid fraction of cultured· products and contributes
to the mildly acid aroma (14).
Quantitative De termin a tion of the Ma jor Flavor Constituents
Michaelian, Farmer, and Hammer (21) described a gravimetric procedure for the determination of acetylmethylcarbinol plus diacetyl in
butter cultures ·:

The procedure was lengthy and required at least one

day for completion.

Testani and Ciusa (35) were the first to develop

a colorimetric method for diacetyl determinations.

In 1938, Prill and

Hammer (28) developed a colorimetric procedure involving steam distillation capable of measuring diacetyl at concentrations of 2 ppm.
Owades and Jakovac (24) introduced a modified version of the Prill
and Hammer method.

They immersed the sample in a 65 C water bath

and bubbled nitrogen gas rather than steam through the sample.

Pack

et al. (25) modified the Owades and Jakovac method of diacetyl determinations by using a nitrogen gas manifold which enabled multiple
analyses to be run s~multaneously.
I

Titratable acidity, a measure of the total acids calculated as
lactic acid, is satisfactory for many manufacturing procedures but it
is not a determination of the types of acids contributing to total
acidity.

In 1950, Marvel and Rands (20) separated 39 different low

molecular weight organic acids on a column of silicic acid using water
and chloroform as the eluents.

Frazeur (10) modified the Marvel and

Rands method by building a column in layers.
sisted of silicic acid.

The first layer con-

The second layer consisted of (3:2 w/v)

silicic acid and sulfuric acid.

The third layer contained silicic
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acid, sulfuric acid, and the sample.
coll~cted and titr ~ted.

Ten ·milliliter fractions were

Wiseman a~d Irvin (43) reported the use of

Celite columns with an internal indicator.

This enabled the acids

to come off as colored bands and permitted collection of each acid
as a single fractio·n .

Their recoveries ranged from 97 .5% to 102%.

Due to a lack of sensitive chemical_ and instrumental methods for
quantitative analysis, Day, Lindsay, and Forss (7) employed taste
panel evaluations to determine the approximate levels of dimethyl . sulfide.

Subsequently, Morgan and Day (23) developed a technique- referred

to as "on.- column trapping, -gas chromatography" for the quantitative
determinations of dimethyl sulfide.
Schulz and Rings~ (31) described a qualitative procedure for the
detection of acetaldehyde in yogurt cultures.

Lindsay and Day (16)

adapted the Pack et al. procedure (25) for diacetyl to the measurement
of acetaldehyde.

The adaption of this method for use with the same

collection system employed for diacetyl measurements allowed simultaneous analysis of culture samples for both flavor components.
Recently, Waldradt and Lindsay (38) developed a procedure using
Porapak columns for internal standard gas chromatographic analysis of
synthetic culture flavor concentrates.

They were able to determine

the concentration of water, acetaldehyde, dimethyl sulfide, acetic
acid, and diacetyl to within

t 10% accuracy.

)
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EXPERIMENTAL PROCEDURE
Sample Preparation
Eight lots of low~fat dairy spread were prepared according to the
formulation of Seas and Spurgeon (32), except for variations in the
type _and/or amount of flavoring added.

\

The objective was to determine

the most desirable level at which the major . flavoring ingredients
should be used.

In order to eliminate ingredient and processing vari-

ables, sufficient material for the whole experiment was prepared in one
113.5 kg batch.

All ingredients except the flavoring agents were mixed

and pasteurized at 74 C for 30 minutes.

Following pasteurization, the

113.5 kg batch was divided into eight 13.62 kg lots.

Various levels

of flavoring materials were added to the respective lots prior to
homogenization (Table 1). )
The flavoring materials consisted of a commercial synthetic butter
flavor, DCF-8SB 1 ; a starter distillat~, CH-11 2 ; and blends of diacetyl 3 ,
acetic acid 4 , and lactic acid 4 prepared in the laboratory.

Based on

information available, it was calculated that 0.5 ml DCF-85B added to
1 kg of product would contribute 0:2 ppm acetaldehyde, 80 ppb dimethyl
sulfide, 2 ppm diacetyl, 30 ppm acetic acid and 250 ppm lactic acid.
Since CH-11 was a starter distillate, it contained all compounds produced by culture organisms, including primarily lactic and acetic acids.
1Dairyland Food Laboratories j Inc., Progress Avenue, Waukesha,
Wisconsin.
2chumlea's Laboratories, Lebanon, Indiana.
3 Fisher Reagent Chemical, Fisher Scientific Company, Fairlawn,
New Jersey.
4Baker Analyzed Reagent, J. T. Baker Chemical Company, Phillipsburg
New Jersey.
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C he first four experimental lots involved variations in the amount
of the ratio of DCF-85B and CH-11 recommended by Seas and Spurgeon (32).
Lot no. 1 served as a control in that no flavoring agents were added.
Lot no. 2 contained one-half the recommended level while lot no. 3
contained the recommended level.

Lot no. 4 was increased to one and

one-half the recommended level in order to have a sample which exceeded
the flavor intensity normally present in the spread.

The purpose of

lots no. 5 and 6 was to determine the desirable or undesirable flavor
characteristics that are contributed by each flavoring agent alone.
Lot no. 5 contained the recommended level of only CH-11.
mended level of DCF-85B was added to lot no.

6. )

The recom-

Various individuals had commented that they thought the levels of
dimethyl sulfide and/or acetaldehyde used in the spread were too high.
In order to determine the validity of their comments, lot no. 7 was
formulated to contain one-half the level of dimethyl sulfide and
acetaldehyde as supposedly contributed by DCF-85B.

,

This was accom-

plished by adding one~half the normal amount of DCF-85B and an equal
volume of blend no. 1 prepared in the laboratory containing diacetyl,
acetic acid and lactic acid.

The blend approximated the levels at

which these materials were carried in commercial DCF-85B.
The flavoring added to lot n_o . 8 was formulated to determine what
effect higher levels of acetic and lactic acids would have on flavor
and pH.

This was accomplished by adding the normal amount of DCF-85B

along with 12 ml of blend no. 2 containing lactic and acetic acid.
ratio of the acids was

the same as they were carried in DCF-85B.

The
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Table 1.

Flavoring agents added to 13.62 .kg lots of dairy spread.

Flavoring
added

1

2

3

4

Lot no.

5

6

7

8

---------------{ml of fl avoring added)--------------2.7
5.4
8.1
5.4
2.7
5.4

DCF-85B

-·

CH-11

10.5

21.0

31.5

21.0

Blend no. 1

2.7

Blend no. 2

12.0

After addition of the flavoring materials, the eight 13.62 kg lots·
were homogenized in a Manton-Gaul.in homogenizer at 176 kg/cm 2 t ·otal
pressu;e with 105 kg/cm 2 on the second stage.

A representative sample

of approximately 8 kg from the middle of each lot was collected in
18.92 liter dispenser cans, then packaged in 227 g containers, and
stored at 4.4 C.
Sensory Evaluation
(.~ Scoring preference testing was developed to d?termine the degree
of like or dislike fo r a food.

The scoring scale that has been the

most popular in the last 10 .years _is the nine-point hedonic scale which
was developed at the Quartermaster Food and Container Institute of the
United States (13).

Those samples most preferred were given the

smal l er numerical values, those most disliked were given the larger
scores.

This scale was used by a taste panel consisting of thirteen

members of the Experimental Food class in the Nutrition and Food
Science Department of the College of Home Economics at South Dakota
State University.
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Taste panel analyses were condu.cted at 15-17 day inte.rvals for 90
days.

Four of the eight lots were selected at random and tasted in

duplicate on Mondays and the remaining four lots were tasted in duplicate on Wednesdays.

The four samples were coded and tasted at the

beginning of a three-hour la~oratory period.

The codes were c~anged
\

and the same fou~.samples were tasted again at the end of the period.
Salted crackers and water were available to . the .panelists between
each sample.
' The evaluations were analysed by the least squares analyses of
variance.

Dunnett's ·procedure (33) was used to determine which lots

-w ere significantly different than lot no. 1, the control .
• A secondary taste panel made up of members of the Dairy Science,~
and Bacteriology Departments ranked the eight lots according to preference at the beginning and end of the study.
a larger sampling population,

The purpose was to obtain

and to see if their responses corrobo-

rated those of the primary taste panel )
Diacetyl Determination
(

The Pack et al. procedure (25) was selected for the quantitative

determination of diacetyl. } The apparatus as shown in Figure 1 was not
as complex as the Prill and Hammer system and could be cleaned easier
and faster between runs.

The distillate was collected in one callee-

tion tube and not in three separate fractions as in the Prill and
Hammer method.
quired.

This meant that only one absorbance reading was re-

Since only one collection flask was needed, the Pack system

could run to completion without the need of constant surveilance.

15

Figure 1.

Apparatus for diacetyl distillation.
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Several modifications were made in the procedure to insure accuracy and reproducibility.

Reichert-Meissl-Polenske connecting tubes

were used in place of U-tubes to connect the container for the sample
being analysed to the bydroxylamine traps.

This prevented the diluted

spread sample from being entrained in the nitrogen flow and deposited
in the hydroxylaraine tr_a ps.
doubled for two reasons.

The reagents used in the analyses were

An increase from 1 ml to 2 ml of hydroxyl-

amine solution in the traps provided a margin of safety to insure a
more complete reaction with the diacetyl to form the dimethylglyoxime
complex.

A sample size of 15 gin conjunction ~ith the increased

· amounts of all the reagents allowed the colorimetric readings to be
made at the most sensitive range on the Bausch and Lomb Spectronic 20
Spectrophotometer.
liquid samples.

The Pack et al. procedure (25) was designed for

This made it necessary to dilute the sample with

distilled water (1:2 w/v) to form a product with the consistency
similar to 40% cream.

The standard curve was prepared using dimethyl-

glyoxime as described by Prill and Hanmer (28).
Acetic and Lactic Acid Determinat{ons
·(

The procedure of Wiseman and Irvin (43) for the determination of

organic acids in silage was used to obtain the levels of acetic and
lactic acid present in the low-fat dairy spread. \ The apparatus used
in the determinations is shown in Figure 2.

)

Except for the modifications indicated, the samples were prepared
in accordance with the Association of Official Agricultural Chemists
{AOAC) procedure (3) for the extraction of organic acids from fish.

Figure 2.

Apparatus for acetic and lactic acid f ract ionation.
1--'

"'
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The sample preparation consisted of weighing 50 g of dairy spread into
a wide mouth Erlenmeyer flask.

In the first trials, 150 ml of dis-

tilled water were added to the samples and agitated for one minute.
The dilution effect of 150 ml of distilled water was too great and the
acid bands could not be observed as they were eluted from the columns.
Analyses then were made using 100, 75, and 50 ml of water.

The results

of all analyses were the same; however, when more than 50 ml of distilled water were used, a standard column had to be relied on entirely
for guidance as to when the bands were within the collection range.
The bands were visible when the samples were prepared with 50 ml of
distilled water, so this. amount was used during the actual test period.
After agitation of the sample and water, 25 ml of 1.0 N sulfuric acid
was added and the sample mixed again.

The proteins present in the

sample were to be precipitated by the addition of 40 ml of 20% phosphotungstic acid.

Since the AOAC procedure was for analysis of fish

which contain approximately 18% protein, and whereas the dairy spread
contained 4.5% protein, 15 ml of 20% phosphotungstic acid was found
to be sufficient.

The sample was then agitated for one minute and

filtered through Whatman no. 1 filter pcper and the volume of filtrate
recorded.

Two milliliter aliquots of filtrate from lots no. 3, 4, 7,

and 8 were placed on the chromatographic columns.
to 3 ml for lots no. 1, 2, 5, and 6.

This was increased

The reason for increasing the

amount used was that the acid concentrations of these lots were lower,
which made it almost impossible to observe the bands as they reached
the bottom of the column if the smaller aliquots were used.

The
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amount of cap material was increased by one-half for the samples with
3 ml rather than 2 ml, as recommended by Wiseman and Irvin (43).
The first two bands that were eluted from the columns were caused
by the phosphotungstic ·acid and sulfuric acid used for the sample
preparations.

When the 15% (v/v) acetone in petroleum ether devel-

oping solvent (B~ 15 ) was used to remove acetic acid, which was the
third band, the resolution between the second and third band was very
poor.

The difficulties in resolution were overcome by the addition

of 100 ml of 1% acetone developing agent (BA 1 ) prior to the ad.d ition
of BA 15 . · This moved the first two bands about one-half the length
_of the column, while the -acetic acid band remained stationary.

When

mos~ of the BA1 solution had been forced through the column under 0.14
kg/cm 2 nitrogen pressure, approximately 200 ml of BA
were added.
15
Collection of acetic acid, started when its band was approximately
1. 25 cm from the hoe-tom of the column.
visible, collection ceased.

When the band was no longer

Approximately 400 ml of BA
were added
30

to elute the lactic acid band, which was collected in the same manner
as the acetic acid.

Each fraction was titrated with 0.005 N sodium

hydroxide.
Acetaldehyde and Dimethyl Sulfide Determinations
I

A procedure for extracting acetaldehyde and dimethyl sulfide from

the spread was developed for this study, tailored after a procedure
described by Forss, Jacobsen, and Ramshaw (9), referred to as
"concentration under reflux."

The extracts were analysed on a Varian

Aerograph Series 1520 gas-liquid chromatograph with a Porapak column
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patterned after the one developed by Walradt and Lindsay (38).

The

extracts did not contain a sufficient quantity of the compounds to
register a response on the recorder, which made it impossible to
obtain any results.
Quality Control Studies
/__.
1 The low-fat .dairy spread was checked for total plate counts, yeast
and mold, coliform, thermophiles, and psychrophiles with American
Public Health Service Standard Method procedures (1).

Since all eight

lots were processed together as one large batch, it appeared that the
microbiological quality should be much the same initially; so the
-counts were determined only for lot no. 1 on the fresh product and
after 30 days of storage.
the 90-day storage period.

All eight lots were tested at the end of
The Kjeldahl procedure was used to deter-

mine total nitrogen initiafly and after the respective storage periods.
Fat and total solids determinations were made by the Mojonnier procedure as modified by Dalaly (6) for the analysis of this spread. ;
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RESULTS AND DISCUSSlON
Sensory Evaluations
Sampl es of the eight lots of dairy spread were evaluated by the
13-member taste panel consisting of Nutrition and Food Science
students.

Two replicate evaluations were made within each of the six

15-day sampling periods.

Table 2 shows the average total scores of

each lot for the six sampling periods.

The order of preference was

determin ed for each sampling period by ranking the total scores.

The

sample with the smallest score was the most preferred.
Lot's no. 1, 3, 5, and 7 were the most preferred when the product
was tasted for the first time about one week after it was made.
Table 2.

Lots

Pr imary taste panel evaluations of the eight lots of dairy
spread.a,b,c
5

6

Sample
means

69.0

51.5

60.5

60.75

70.0

74.0

66.0

66.0

68.41

81.0

77.5

72 .5

66.0

76.5

72.25

73.0

74.0

76.0

70.5

69.5

61.5

70.75

5

59.5

52.5

67.0

59.0

59.5

60.0

59.58

6

61.0

61.0

77.0

66.0

57.0

59.5

63.58

7

59.5

57.0

75.5

61.0

55.0

64.5

62.08

8

65.0

68.0

68.0

77

.o

64.5

64.0

67.75

Lot no.

Six 15-day Eeriods
3
4

1

2

1

52 .0

62.5

69.0

2

63.5

71.0

3

60.0

4

aTotals of 13 observations made on the nine-point hedonic scale.
bAverage of replicate evaluations.
cThe lot with the smallest score was the most preferred.
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no. 1, 5, and 7 were again among those adjudged to be the most desirabl~ products duri~g the second, f6urth, and fifth periods, when the
order was 1, 5, 6, and 7.

The top .f our lots for the third period

were 1, 2, 5, and 8; w~ile at the end of the storage period 1, 4, 5,
and 6 were most preferred.

The over a 11 preference rating de t .ermined

by ranking the sample means was 5, 1, 7, 6, 8, 2, 4, and 3.

\
I

Summations o.f the 13 observations for each of the spread lots at
each replication were made and analysed statistically by the least
squares analysis of variance.

As shown in Table 3, there were signif-

icant dif_ferences in scoring between periods (P ( 0 .01) and between
samples (P ( 0 .05).

The panelists commented that on several of the

tasting sessions the physical characteristics of the samples were

.

objectionable because they were exuding whey.

This was attributed to

the time lapse which occasionally occurred between the preparation of
the samples for tasting and the actual evaluations.
Table 3.

When the physical

Analysis of variance on primary taste panel data.

Source

DF

ss

-Total

95

7384.00

77. 73

Sample

7

1913. 29

273.33

5 .64·k

Period

5

1512.33

302.47

6 .24*'k

Sample x Period

35

1631.33

46.61

Error

48

2327. 05

48.48

= Degrees of freedom
ss = Sum of squares
MS = Mean squares
DF

MS

F = F test
* = P (0.05
** = P ( 0 .01

F
1.61

0.96
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/

characte ristics of the samples were . not desirable, the panelists ·had
a tendency to score all the samples on the lower acceptability range
·· of the hedonic scale.

This may have contributed in part to the

significant difference~ between periods.
Dunnett's procedure (3~) was used to determine which spread lots
were scored significantly different than lot no. 1, the control.
Dunnett's formula for determining the significant difference was:
d' = t(Dunnett)Sd
where_ twas obtained by interpolation from the
t table for one-sided comparisons at
the 0.05 level.
S0 was found by calculating the square root
of 2 times the error mean square divided
by the number of observations per mean.
For the data from these trials, the error degree of freedom was 48
and the number of means, excluding the control, was 7.
conditions the t value was 2.41.
2.84.

_The

Sa

For these

value was calculated to be

When these two values were multiplied, d' was found to be 6.85.

The d' value, 6.85, was added to the mean for the control, 60.75.
The resulting value, 67.60, was compared with the means of the
remaining seven lots.

Those means which were larger than 67.60 were

significantly different than the control.

By Dunnett's criterion,

lots no. 2, 3, 4, and 8 were significantly different than the control.
This meant that lo't:s no. 1, 5, 6, and 7 were significantly preferred.
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~he secondary tast e panel compo~ed ·of individuals from the Dairy
Science and Bacteriology Departments ranked the eight lots according
to preference when the spread was freshly made and at the end of the
90-day storage ~eriod.

The sample mean scores for the fresh, stored,

and combined data are presented in Table 4.
Table 4.

Secondary taste panel evaluations of the eight lots of
dairy spread.a

Lot no.

Fresh 5

Sam2le mean score
90-dayC

Combined

1

3.50

3.48

3.49

2

4 .14

5.00

4. 71

3

4.29

5.07

4.81

4

6.36

5.22

5.61

5

6.00

3.85

4.20

6

4.36

4.29

4.32

7

3 .07

4.40

3.95

8

4 .14

4.00

4.73

aMean scores determined -by preference ranking.
bnetermined by fourteen panelists.
cnetermined by twenty-seven pane lists.
Fourteen panelists ranked the fresh spread samples 7, 1, 2, 3,
6, 5, 8, and 4.

Twenty-seven individuals tasted the spread samples

at the end of the 90-day storage period and the order of preference
was 1, 5, 8, 6, 7, 2, 3, and 4.

When the scores for the two periods

were combined and the sample mean scores determined, the over all
. pre ference rating was 1, 7, 5, 6, 2, 8, 3, and 4.

The four most
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preferred lots selected by this taste panel were the same as those
selected ·by the primary taste panel.

These results reinforced the

seleGtions made by the primary taste panel.
The data in Tables 6, 8, and 9 indicated that the four most
preferred lots contained lower levels of diacetyl, acetic acid, and
lactic acid tha~ ~he remaining lots with the exception of lot no. 2.
Lot no. 2 contained less diacetyl than lots no. 6 and 7, less acetic
acid than lots no. 5 and 7, and less lactic acid than lot no. 5.

The

total flavor of a sample, however, results from the contribution of
all the flavoring components.

Although lot no. 2 contained lower

·concentrations of individual flavoring components, when compared to
the preferred samples, the combined effect of the flavoring agents
resulted in a flavor more intense than that present in the preferred
samples.
The effect that major individual flavoring components had on
flavor preference could not be ascertained.

This was due to the var-

iability in the concentration of at least two flavoring components
in a given lot when compared to any other lot.

The recommended levels

of DCF-85B and CH-11 as used in lot no. 3 were too high.

Lot no. 2

contained one-half the recommended level and the flavor was still too
intense to be one of the top four in preference.

Apparently the

recommended level of DCF-85B and CH-11 when used separately was

quite

acceptable as demonstrated by the reception given lots no. 5 and 6,
respectively.
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Diacetyl Determinations
The. efficiency of recovery of diacetyl by the Pack et al. procedure (25) was determined.

Recoveries of added diacetyl were made

from 15 g samples of diacetyl-free spread and 45 ml of distilled
water.

One liter of a standard solution containing 1 g of diacetyl

.

was prepared in volumetric
glassware.
.
.

Desired concentrations of

diacetyl were obtained from this solution by further dilution in
volumetric flasks.

Concentrations of 0.015, 0.03, and 0.045 mg of

. diacetyl were added to 15 g samples of spread that had been steamed
for 45 minutes and flushed . with nitrogen for 45 minutes at 65 C.

The

desired amounts of diacetyl were added to the samples, mixed and then
distilled according to Pack et al. procedure.

The same concentrations

of diacetyl were added to distilled water and also distilled according
to the Pack et al. procedure.

Control readings were made by adding

the desired concentrations of diacetyl directly to the calibrated
receiving tubes containing 2.0 ml of buffered hydroxylamine solutio~.
The color reaction was developed immediately without the prior distillation.
5.

The results of the recovery determinations are shown in Table

The percent recovery of diacetyl from the spread was lower than

from the distilled water.

This may have been caused by adding the

diacetyl to the spread when the spread was at 65 C resulting in some
loss of this highly volatile substance.
The results of the diacetyl determinations made on the spread
samples after 0, 30, 60, and 90 days of storage are presented in
Table 6.

The results indicated that the levels of diacetyl in the
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Tabl e S.

Recove ries of diacetyl from water and dairy spread syst ems.a
mg of diacetyl added
o·.030
0.045
1
2
1
2
2
1
--·----:-----(mg of diacetyl recovered}-----------

·· Sys t ei:n

0.015

%
Re covery

Water

0.014

0.014

0.029

0.029

0.044

0.043

95-98

Dairy spread

0.014

. 0 .014

0.028

0.027

0.042

0.041

91-95

Control a

0.015

0.015

0 .031

0.029

0.045

0.044

100

· aControl readings were obtained by adding color reagents
directl y to 2 ml of buffered hydroxylamine solution containing
different amounts of diacetyl.

Table 6.
Lot no.

Effect of storage on diacetyl content of the dairy spread.a0

Days of storage
"60
30

90 '

Mean

Standard
Error of Mean

-------------(ppm diacetyl)-------------1

0.09

0.13

0.08

0.09

0.10

f0.03

2

1.54

1.49

1.52

1.45

1.50

±0.09

3

3.39

3.45

3.39

3.41

3.42

f0.02

4

4.83

4.41

4.46

4.45

4.47

:i-0.20

·5

0.44

0.45

0.47

0.41

0.44

±o.01

6

2.69

2.31

2.32

2.28

2.40

:t0.01

7

1.97

1.88

1.85

1.81

1.87

±o.09

8

2 .98

2.96

3.01

2.96

2.97

±o.01

aAverage of triplicate determinations.
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spread were stable and did not change during the 90-day storage at
4.4 C.

This was expected since Prill and Hammer (28) reported that

diacetyl is relatively stable in products such as butter which are
slightly acidic.

The results of pH readings of the eight lots made

after 0, 30, and 90 days of storage ranged from ~.8 to 6.4 with an
average of 6.2.

These readings indicated that the spread was

slightly acidic thus favoring diacetyl stability.
Lots no. 1 and 5 contained diacetyl at concentrations less than
that which Lindsay, Day, and Sather (18) classified as mild intensities •. According to their criteria (Seep. 7) lot no. 7 was within
the range for intermediate intensities and lot no. 6 could be termed
as possessing pronounced intensities of diacetyl flavor.

Although t9e

level in lot no. 6 was higher than in the other three preferred lots,
it was still below the normal amount used in lot no. 3 and was at the
level considered to be desirable in fine butter.
Acetic and Lactic Acid Determinations
The levels at which acetic and lactic acid were present in the
low-fat dairy spread were determined by the Wiseman and Irvin procedure (43).

Percent recovery . determinations were made on 2 ml aliquots

as described by Wiseman and Irvin.

The recovery values shown in

Table 7 were slightly below, but closely approached, the values of
99.7% for acetic and 97.5% for lactic acid reported by Wiseman and
Irvin.
The acetic acid values determined after 0, 30, 60, and 90 days of
storage are presented in Table 8.

The levels of acetic acid in the
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Table 7.

Recovery of acids from 2 ml of composite test solution.

Column no.

---(microequivalent weights of acid added)--Acetica
Lacticb
52.4 ·
48.5
-(microequivalent weights of acid recovered)-

1

52.5

45.8

2

51.4

46.4

3

52.0

47.3

4

52.1 -

45.7

5

50.8

46.2

Av. microequivalent
weights recovered

51.78

46.28

Av. recovery

98.8%

95.4%

aA microequivalent weight of acetic acid= 0.00006005 g.
bA microequivalent weight of lactic acid= 0.00009008 g.
eight lots of dairy spread remained constant during the storage
period.

The levels of acetic acid varied somewhat between lots; this

largely reflected kind and/or level of flavor added.

Lots no. 1, 5,

and 6 contained a lower level of acetic acid than the normal amount
· used in lot no. 3; however, the value found was within the confidence
limits determined for lot no. 3.

The correlation between the taste

panel results and the acetic acid values indicated that future flavor
levels of acetic acid used in the spread should be somewhat lower
than is now used commercially.

By calculation, lot no. 6 which

contained only DCF-85B should have contained 23.70 ppm acetic acid .
The mean value that was determined for lot no. 6 was 24.62.

Therefore

the calculated value was within ·the confidence limits for this lot.
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Table 8.
Lot no.

Effect of storage on the acetic ·acid content of the dairy
spread.a

0

Days of storage

30

90

60 ·

Mean

Standard
Error of Mean

----------~-(ppm acetic acid)-------------

0

t 0

1

0

0

0

0

2

140.27

145.47

147.52

144.42

144.42 :t- 6.88

3

292 .53 .

279.70

283.06

280.99

284 .07 t 9 .59

4

434.28

433.46

437.51

436.92

435.54 :t-18.65

5

270.90

272.06

274.23

274.44

272.90 t12.91

6

25.37

23.23

24. 77

25.10

24.62 t 0.62

7

298.57

299.01

291.46

293.28

295.58 t 2.32

8

645.73

-642.71

649 .11

649.75

646 .82 t 3 .04

aAverages of replicate determinations.
The results of the lactic acid determinations reported in Table 9
indicated that the concentration of lactic acid was not affected by
storage.

The lactic acid concentrations for the four preferred lots

were less than the level normally used.

This indicated that the

amount of lactic acid used in the dairy spread should also be reduced
for future flavor formulations.

The calculated value for lactic acid

present in lot no. 6 was 198 ppm.

However, the results showed that

the concentration of lactic acid ·was less than 160 ppm.
will combine with salts and protein to form lactates.

Lactic acid
The lactates

are quite stable and perhaps the lactic acid was not completely
extracted from the spread samples .

This would have resulted in

analytical values which were lower than the actual concentrations.

Table 9.
Lot no.

Effect of storage on the lactic acid content of the dairy spread.a
0

Days of storage
30
60

90

Mean

Standard
Error of Mean

--------------(ppm lactic acid)-----------------~--------1

11.04

11.04

10.92

12.66

11.51

t

0.31

2

733.27

734.91

729.36

734. 73

7 33. 06

r

6 . 74

3

1466.71

1447.96

1452 .13

1453.97

1455 .19

j-66. 05

4

2189.30

2161.85

2177 .81

2184.55

217 8 • 3 7

±-21. 0 7

5

1319.20

1318 .95

1321.96

1318 .64

1319.68

+4.49

6

156.07

155.17

157.01

159.52

156 .94

:i-

7

549.86

547.72

502.72

552.00

538.07

±14.30

8

1106 .26

1125 .66

1118.63

1125 .80

1119 .08

:!-15 .22

1.90

aAverages of replicate determinations.

w
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Quality Control Studies
The results of the microbiological studies are shown in Table 10.
The standard plate count remained constant through the first 30 days.
However, there was a slight decrease by the end of the 90-day storage
period.

Coliform and thermophiles were less than 10 during the entire

storage period. ··The yeast and mold counts (Actually, no yeasts were
seen; the counts were mold numbers.) as well as the psychrophilic
count increased substantially by 90 days.

This indicated that these

organisms might cause a deleterious effect on the flavor, especially
if the spread were held for a longer storage period.
The total nitrogen values in the spread ranged from 0.68 to
0.74%.

There was no appreciable change during storage.

Results of·

the fat and total solids determinations were 41.75 and 55.16%,
Table 10.

Microbiological quality tests reported as counts per gram.

Test

oa

Days of storage
30a

90h

Standard Plate Count

2000

2000

1250

Yeast and Mold

( 10

(10

29

Coliform

(10

( 10

( 10

<10
<10

<10
<10

Thermophiles
Psychrophiles

aAll tests run only on lot no. 1.
hAll tests run on all eight lots.
reported.

The average values are

( 10
1475
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respectively.

These values indicate that. the dairy spread samples

had ·a ·milk fat content close to the values reported by Seas and
Spurgeon.

The non-fat milk solids content was somewhat lower, but

met the 10% minimum specified by the legal South Dakota definition for
this product.
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SUMMARY AND CONCLUSIONS
Eight lots of low-fat dairy spread were prepared with the only
\

.

variable being the type and level of flavoring materials added.
Results of analyses indicated that these lots had a fat and total
solids content approximating those given by Seas and Spurgeon . (32).
Kjeldahl tests for nitrogen showed no appreciable change in
total nitrogen during storage .

Coliform and thermophilic counts were

less than 10 cells per gram during the entire storage period._ Despite
the fact_ that an antimycotic agent was added to the spread, there was
an increase from less than 10 to 29 molds per gram during the storage
period.

The psychrophilic counts were less than 10 during the first

30 days, but by the end of the 90 days the count had increased to
1475 organisms per gram.

Although the counts were relatively low,

metabolism of the increasing numbers could have produced a deleterious
effect on the flavor if the samples had been stored for a longer
period of time.
Quantitative determinations of the major flavor components
were made on the fresh and stored lots at 30-day intervals for the
90-day storage period.

By determining the concentrations of the major

flavor components in the fresh and stored product, and comparing the
results for each of the 30-day intervals, it was possible to ascertain
the stability of the flavoring components during storage.
showed that the levels of diacetyl remained constant.

The results

Apparently the

stability was enhanced by the slightly acidic conditions present in
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the spread.

The concentration of acetic and lactic acids did not

change during the storage period.

However, the lactic acid values

were less than that which they were· calculated to be.

The results may

have been lower than expected because lactic acid has the ability to
combine with salts and protein to form lactates which are quite
stable, so possiply the test did not measure all the lactic acid
added.
The quantitative analyses of acetaldehyde, dimethyl sulfide,
diacetyl, and acetic acid by gas-liquid chromatography were not
successful.

Apparently the flavor components present in the spread

extracts were not concentrated sufficiently to register a response on
the recorder under the conditions used.
Sensory evaluations were conducted on the lots of spread when
fresh and at 15-day intervals during a 90-day storage period.

The

objective of the sensory evaluation testing was to determine whether
it was desirable to change the flavor formulation used in the com·mercial preparation of the low-fat dairy spread developed by Seas and
Spurgeon (32).

The study specifically involved the extent to which

flavor preference was affected by levels of the major flavor constituents.

The results of the taste panel study showed that the

level of flavoring normally used as in lot no. 3 was too high, as this
lot was rated the least desirable .

The panelists preferred the spread

samples with the lower flavor levels.

All eight lots varied in the

concentration of at least two flavoring components, as compared to any
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other lot.

This made it impossible to draw any reliable conclusions

as to the extent to which flavor preference was affected by the level
of any one flavor component.
A secondary taste panel evaluated the spread samples at the
beginning and end of the 90-day storage period.

They preferred the

same four lots as the primary taste panel. )
//)

,

l

{ ,1v1·~r,1,fwv- (
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The results · of this study showed that the consumer would likely

prefer lower levels of culture butter flavor ingredients than used by
Seas and Spurgeon.

However, many of the panelists indicated ·t hat the

sample~ adjudged to be the most preferred did not have a wholly
desirable flavor.

It was evident, therefore, that mor e studies

should be made using· other levels and ratios of butter-flavor ingre~
dients.

It may also prove advantageous to study the acceptability of

other types of flavoring agents including fruit and honey.

It is the

writer's recommendation that studies along this line be done before
a final decision is made as to what flavor formulations would be best
for the commercial production of the low-fat dairy spread. ')
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